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(54) Apparatus and method for detecting abnormal temperature rise associated with a cooking 
arrangement 



(57) Apparatus and a nnethod are provided for de- 
tecting an abnormal rise in temperature associated with 
a combination of a cooking utensil (10) and a cooking 
zone (8) of a cooking surface (4) overlying an electric 
heater (6). The apparatus has a first temperature-re- 
sponsive device (24) is provided within the heater and 
adapted to monitor temperature of the cooking surface 
(4). A second temperature-responsive device (26) is 
provided within the heater and adapted to monitor tem- 
perature of the cooking utensil (1 0) through the cooking 
surface (4) to provide an electrical output as a function 
of temperature of the cooking utensil. Means (28) is pro- 
vided for calculating first and second derivatives (D1 , 
D2) with time of the temperature sensed by the second 
temperature-responsive device (26) over an operating 
temperature range of the heater. Means (28) is provided 
to determine stabilisation of the first derivative (D1 ) with- 
in stabilising threshold limit values. Means (28) is pro- 
vided to thereafter compare the first and second deriv- 
atives (D1, D2) with first and second predetermined 
threshold values and to detect an abnormal rise in tem- 
perature when the first and second predetermined 
threshold values are exceeded. 
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Description 

[0001] This invention concerns apparatus and a 
method for detecting an abnormal rise in temperature 
associated with a combination of a coolcing utensil and 
a cooking surface, such as of glass-ceramic material, 
overlying an electric heater. Such abnomrial rise in tem- 
perature may, in particular, result from a boil-dry event 
in the cooking utensil or an event in which a food product 
adheres to a base of the cooking utensil. 
[0002] It is known to provide an electric heater ar- 
ranged at the underside of a cooking surface, such as 
of glass-ceramic material, and in which the heater incor- 
porates at least one electric heating element spaced 
from the underside of the cooking surface. A cooking 
utensil is arranged to be supported on the cooking sur- 
face in a cooking zone overlying the heater. It is known 
to provide a first temperature-responsive device, for ex- 
ample in a cavity between the at least one heating ele- 
ment and the underside of the cooking surface, to mon- 
itor temperature within the cavity and of the cooking sur- 
face and to operate to de-energise the heater when a 
predetermined maximum permitted temperature is 
sensed, thereby preventing thermal damage from oc- 
curring to the cooking surface. Such first temperature- 
responsive device may be arranged to provide an elec- 
trical output as a function of the temperature sensed and 
may be arranged to be electrically connected to control 
circuitry, which may be microprocessor-based. 
[0003] It is also known to provide a second tempera- 
ture-responsive device arranged in contact with, or ad- 
jacentto, the underside of the cooking surface within the 
cooking zone and operating to provide an electrical out- 
put to monitoring and control circuitry as a function of 
the temperature of the cooking utensil through the cook- 
ing surface within the cooking zone. Such second tem- 
perature-responsive device may be used to closely 
monitor the temperature of the cooking utensil and to 
provide a closed loop control system in which the heater 
is appropriately energised to provide a desired heating 
schedule for the cooking utensil. 
[0004] When a boil-dry event occurs in the cooking 
utensil, or a food product being cooked in the cooking 
utensil adheres to the basethereof, a rise in temperature 
occurs in the cooking utensil, which temperature rise 
can be detected through the cooking surface. It is desir- 
able to be able to monitor this rise in temperature by 
means of the second temperature-responsive device 
and to immediately de-energise the heater and/or pro- 
vide a warning to a user. However, the rise in tempera- 
ture may be small and may occur gradually rather than 
suddenly and a sufficiently rapid response is difficult to 
achieve. 

[0005] An attempted solution to this problem is de- 
scribed in US-A-6 300 606. Here only a single temper- 
ature sensor is used and three separate schemes are 

required to detect a boil-dry event, depending on how 
close the monitored temperature is to a cut-off point. At 



a temperature well below the cut-off point, first and sec- 
ond derivatives of a temperature-time curve are deter- 
mined. A boil-dry event is detected when a) the first de- 
rivative is positive, b) the second derivative is positive, 

5 and c) power to the heater has not been changed for a 
predetermined time to increase the power. Clearly the 
requirement for three separate schemes is undesirably 
complex. Additionally, it has been found that the above 
scheme is unreliable, especially where the power to the 

10 heater is changed frequently. 

[0006] It is therefore an object of the present invention 
to provide an apparatus and a method for detecting an 
abnormal rise in temperature associated with a combi- 
nation of a cooking utensil and a cooking surface which 

15 overcomes or at least ameliorates the abovementioned 
disadvantages. 

[0007] According to one aspect of the present inven- 
tion there is provided apparatus for detecting an abnor- 
mal rise in temperature associated with a combination 
20 of a cooking utensil and a cooking surface overlying an 
electric heater, the apparatus comprising a first temper- 
ature-responsive device adapted to monitor tempera- 
ture of the cooking surface; a second temperature-re- 
sponsive device adapted to monitor temperature of the 
25 cooking utensil and to provide an electrical output as a 
function of temperature of the cooking utensil; means 
for calculating first and second derivatives with time of 
the temperature sensed by the second temperature- re- 
sponsive device over an operating temperature range 
30 of the heater; means to determine stabilisation of the 
first derivative within stabilising threshold limit values; 
and means to thereafter compare the first and second 
derivatives with first and second predetermined thresh- 
old values and to detect an abnormal rise in temperature 
35 when the first and second predetermined threshold val- 
ues are exceeded. 

[0008] According to another aspect of the present in- 
vention there is provided a method of detecting an ab- 
normal rise in temperature associated with a combina- 
40 tion of a cooking utensil and a cooking surface overlying 
an electric heater, comprising the steps of: monitoring, 
with a first temperature-responsive device, temperature 
of the cooking surface; monitoring, with a second tem- 
perature-responsive device, temperature of the cooking 
45 utensil and providing an electrical signal as a function 
of temperature of the cooking utensil; calculating first 
and second derivatives with time of the temperature 
sensed by the second temperature-responsive device 
over an operating temperature range of the heater; de- 
50 termining stabilisation of the first derivative within sta- 
bilising threshold limit values; and thereafter comparing 
the first and second derivatives with first and second 
predetermined threshold values to detect an abnormal 
rise in temperature when the first and second threshold 
55 values are exceeded. 

[0009] The first and/or second temperature-respon- 
sive device may be provided within the heater. 
[0010] The second temperature-responsive device 
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may be adapted to monitor temperature of the cooking 
utensil througli tine cool<ing surface. 
[0011] Tlie first temperature-responsive device may 
be adapted to provide an electrical output as a function 
of the temperature of the cooking surface and may be 
electrically connected to means for monitoring temper- 
ature of the cooking surface sensed thereby with time. 
[0012] The means to determine stabilisation of the 
first derivative within the stabilising threshold limit val- 
ues may comprise a stabilising mode of operation of the 
heater, which is effected until the first derivative is stable 
within the stabilising threshold limit values for a prede- 
termined period of time, such as about 20 seconds, and 
during which the first and second predetermined thresh- 
old values are arranged to be inoperative, whereby spu- 
rious detection of an abnormal rise in temperature is 
avoided, the stabilising mode of operation being fol- 
lowed by a running mode of operation during which the 
first and second predetermined threshold values are op- 
erative. 

[0013] The running mode of operation may progress 
if power to the heater remains substantially constant 

and/or if a set-point temperature of the cooking surface, 
determined by a control means for the heater co-oper- 
ating with the first temperature-responsive device, re- 
mains constant within predetermined limits and/or if the 
temperature sensed by the second temperature-re- 
sponsive device does not decrease by more than a pre- 
determined amount as specified by negative threshold 
limit values for the first and second derivatives, other- 
wise the stabilising mode of operation is re-selected. 
[0014] The first temperature-responsive device may 
be arranged to operate to cause de-energising of the at 
least one heating element when it senses a predeter- 
mined maximum permitted temperature of the cooking 
surface. 

[0015] The second temperature- responsive device 
may be arranged to operate to cause de-energising of 
the heater when it senses a predetermined maximum 
permitted temperature of the underside of the cooking 
utensil. 

[0016] In a particular embodiment: the second tem- 
perature-responsive device monitors the temperature of 
the cooking utensil at predetermined time intervals and 
temperature values are entered into a stabilising buffer, 
where they are averaged; the average temperature in 
the stabilising buffer is calculated and entered into a first 
derivative buffer; the average value of the first derivative 
buffer is calculated and entered into a second derivative 
buffer and the buffers operate continually such that a 
first and second derivative value is outputted at each of 
the predetermined time intervals. 
[0017] The predetermined time intervals may be be- 
tween 0.1 and 4 seconds, preferably between 0.3 and 
1 second and suitably about 0.5 second. 
[0018] The first and/or second temperature-respon- 
sive device(s) may be of electrical resistance tempera- 
ture detector form, such as of platinum resistance tem- 



perature detector form. 

[0019] The second temperature-responsive device 
may be arranged in contact with or adjacent to the un- 
derside of the cooking surface. 

5 [0020] Microprocessor-based processing, calculating 
and control circuitry, operating with appropriate software 
algorithms, may be provided for operation in association 
with the first and second temperature-responsive devic- 
es, the electric heater and a power supply. 

10 [0021] The cooking surface may comprise glass-ce- 
ramic material. 

[0022] The abnormal rise in temperature associated 
with the combination of the cooking utensil andthecook- 
ing surface overlying the heater may result from a boil- 

15 dry event in the cooking utensil or an event in which a 
food product adheres to a base of the cooking utensil. 
[0023] The electric heater may incorporate at least 
one electric heating element selected from a radiant 
electrical resistance heating element and an electrical 

20 induction heating element. 

[0024] In the present invention, the provision of the 
stabilising mode of operation results in a sensitive sys- 
tem which accurately detects and rapidly responds to a 
boil-dry or similar event associated with the cooking 

25 utensil on the cooking surface. 

[0025] For a better understanding of the present in- 
vention and to show more clearly how it may be carried 
into effect, reference will now be made, by way of ex- 
ample, to the accompanying drawings in which: 

30 

Figure 1 is a cross-sectional view of a cooking uten- 
sil supported on a cooking zone of a cooking sur- 
face under which is an electric heater, electrically 
connected to means for detecting an abnormal rise 
35 in temperature in the cooking zone, according to the 
present invention; 

Figure 2 is a graphical representation of plots of 
temperature against time derived by first and sec- 
40 ond temperature-responsive devices in the ar- 
rangement of Figure 1 and showing first and second 
derivative plots derived therefrom by processing cir- 
cuitry for boil-dry detection in a cooking utensil and 
de-energising of a heater of Figure 1 ; 

45 

Figure 3 is a flow chart illustrating operation of the 
an^angement of Figures 1 and 2; 

Figure 4 is a graphical illustration of the effect of 
50 adding cold waterto the cooking utensil during heat- 
ing of water therein in the arrangement of the 
present invention: and 

Figures 5 and 6 are graphical representations of 
55 plots of temperature against time derived by first 
and second temperature-responsive devices in 

modifications to the arrangement of Figures 1 and 
2 and showing first and second derivative plots de- 
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rived therefrom by the processing circuitry for boil- 
dry detection in the cooking utensil and de-energls- 
Ing of the heater. 

[0026] Referring to Figure 1 , a cool<ing arrangement 
2 comprises a cooking surface 4, such as of glass-ce- 
ramic material, at an underside of which is supported an 
electric heater 6. A cooking zone 8 is provided on the 
cooking surface 4. A cooking utensil 10 containing, for 
example, 200 ml of water to be heated, is located on the 
cooking surface 4 at the cooking zone 8. 
[0027] The heater 6 comprises a dish-like support 14 
containing a base layer 1 6 of thermal insulation material 
and supporting at least one radiant electrical resistance 
heating element 18. Instead of the at least one radiant 
electrical resistance heating element 18, at least one 
electrical Induction heating element of known form could 
be provided. The at least one heating element 18 is 
spaced from the underside 20 of the cooking surface 4, 
such that a cavity 22 Is formed. 
[0028] A first temperature-responsive device 24 is lo- 
cated Inside the cavity 22 and suitably comprises an 
electrical resistance temperature detector, such as a 
platinum resistance temperature detector, which pro- 
vides an electrical output as a function of temperature 
of the cooking surface 4. 

[0029] Asecondtemperature-responsivedevice26 is 
provided, located in contact with, or adjacent to, the un- 
derside 20 of the cooking surface 4, within the cooking 
zone 8 and is adapted to provide an electrical output as 
a function of temperature of the cooking utensil 10 
through the cooking surface 4 within the cooking zone 
8. The second temperature-responsive device 26 suit- 
ably comprises an electrical resistance temperature de- 
tector, such as a platinum resistance temperature de- 
tector. 

[0030] A microprocessor-based processing, calculat- 
ing and control circuit 28, operating with appropriate 
software algorithms, is electrically connected to the first 
temperature-responsive device 24 by leads 30 and is 
electrically connected to the second temperature-re- 
sponsive device 26 by leads 32. The processing, calcu- 
lating and control circuit 28 is also electrically connected 
by leads 34 to the at least one heating element 18 and 
is arranged to control energising of the at least one heat- 
ing element 18 from a power supply 36. 
[0031 ] Operation of the cooking arrangement 2 is now 
described with reference to Figures 2 and 3. The 
processing circuit 28, in association with the first tem- 
perature-responsive device 24, operates to adjust the 
power of the at least one heating element 1 8 to maintain 
a set-point temperature with time as indicated by refer- 
ence numeral 38 in Figure 2. In the case of the illustrated 
embodiment the set-point temperature Is substantially 
700 degrees Celsius. The processing circuit 28 may al- 
so operate to de-energlse the heater 6 If a maximum 
predetermined temperature of the cooking surface 4 Is 
exceeded. 



[0032] The processing circuit 28, in association with 
the second temperature-responsive device 26, oper- 
ates to monitor the temperature of the cooking utensil 
10 through the cooking surface 4 within the cooking 
5 zone 8, as indicated by reference numeral 40 in Figure 
2. It is also arranged to measure the rate at which the 
temperature of the cooking utensil 10 changes during 
the entire operating time of the arrangement and over 
the entire operating temperature range thereof. The 
10 monitoring of the temperature of the cooking utensil 1 0 
is effected at predetermined time intervals, which may 
be between 0.1 and 4 seconds, preferably between 0.3 
and 1 second and suitably about 0.5 second. 
[0033] The processing circuit 28 is arranged to calcu- 
15 late a first derivative D1 with time of the temperature 
sensed by the second temperature-responsive device 
26. This Is shown by reference numeral 42 In Figure 2. 
The processing circuit 28 is also arranged to calculate 
a second derivative D2 with time of the temperature 
20 sensed by the second temperature-responsive device 
26. This Is shown by reference numeral 44 In Figure 2. 
[0034] If the cooking utensil 1 0 bolls dry, as Indicated 
by reference numeral 46 in Figure 2, the rate of temper- 
ature rise of the utensil, sensed by the second temper- 
as atu re- responsive device 26, will increase and this Is ac- 
companied by a corresponding increase in values of the 
first and second derivatives D1 and D2. If the values of 
the first and second derivatives D1 and D2 exceed pre- 
determined trip or threshold levels, the processing cir- 
30 cult 28 operates to de-energlse the heater 6, as Indicat- 
ed by reference numeral 48 in Figure 2, to prevent dam- 
age resulting from the boil-dry event in the cooking uten- 
sil 10. Instead of, or in addition to, the heater 6 being 
de-energised, a warning signal means, which may be 
35 audible, may be activated. In the present example, de- 
energising of the heater has been effected within about 
15 seconds of the boil-dry event occurring. 
[0035] A further safeguard for the arrangement 2 Is 
provided in that if the temperature sensed by the second 
40 temperature- responsive device 26 exceeds a predeter- 
mined maximum value, the circuit 28 operates to de-en- 
ergise the heater 6. 

[0036] An essential feature of the present Invention Is 
the operation of the arrangement in a stabilising mode 
45 prior to operation in a running mode. During operation 
In the stabilising mode, the first derivative D1 Is moni- 
tored with time. Only when the first derivative D1 has 
assumed a stable value within predetermined threshold 
limit values for a predetermined time period, suitably of 
50 about 20 seconds, will progression to the running mode 
occur In which the trip or threshold limits specified for 
D1 and D2 become operative and the boil-dry event can 
be detected. Stabilisation of the first derivative D1 is in- 
dicated by line 50 in Figure 2, the stabilising mode oc- 
55 curring to the left of line 50 and the running mode oc- 
curring to the right of line 50. 

[0037] In practice, one or more of the following further 
provisions may be required to be met before stabilisa- 
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tion is achieved and progression from the stabilisation 
mode to the running mode of operation occurs. The 
power to the heater 6 must be remaining substantially 
constant. Alternatively or additionally, a set-point tem- 
perature of the cooking surface 4, determined by the 
control circuit 28 co-operating with the first temperature- 
responsive device 24, must remain constant within pre- 
determined limits, such as ±6 degrees Celsius. Alterna- 
tively or additionally further, the temperature sensed by 
the second temperature-responsive device 26 must not 
decrease by more than a predetermined amount to the 
extent that negative threshold limit values, specified for 
the first and second derivatives D1 and D2, are exceed- 
ed. As will be described in greater detail hereinafter, 
such decrease in temperature may occur, for example, 
if at some stage of being heated the cooking utensil 10 
is topped up with cold water. The temperature would 
then decrease, followed by a subsequent increase as 
the water heats up again, which could lead to an erro- 
neous impression being given to the processing circuit 
that a boil-dry event has occurred. Consequently, if the 
above further provisions are not met, the stabilising 
mode of operation is arranged to be automatically re- 
selected. 

[0038] The flow chart of Figure 3 summarises opera- 
tion of the arrangement of the present invention. The 
temperature sensed by the second temperature-re- 
sponsive device 26 is checl<ed to ensure that it has not 
reached a predetermined maximum value set in relation 
to the cooking utensil 1 0 through the cooking surface 4. 
If it has, this indicates an over-heating condition and the 
heater 6 is automatically de-energised for safety pur- 
poses. If it has not, the stabilising mode of operation 
progresses, with the first derivative D1 being monitored 
until it is within its stabilising threshold limits for the pre- 
determined period of time. Progression to the running 
mode of operation then occurs, provided any of the pro- 
visions referred to hereinabove are met with regard to 
the maintenance of the set-point temperature in the cav- 
ity 22, and/or maintenance of constant power to the 
heater, and/or there is substantially no decrease in tem- 
perature sensed by the second temperature-responsive 
device 26. If any of these provisions are specified and 
are not met, the stabilising mode of operation is auto- 
matically re-selected. The running mode progresses 
and if the first and second derivatives D1 and D2 exceed 
their respective predetermined trip or threshold values, 
indicating a boil-dry event in the cooking utensil 1 0, the 
heater 6 is de-energised and/or a warning signal acti- 
vated. 

[0039] When the arrangement 2 is operating in stabil- 
ising mode, the predetermined trip or threshold levels 
are arranged to be inoperative, in order to prevent the 
system from inadvertently acting as if it were detecting 
a boil-dry event, such as when a temperature controller 
is adjusted upwards, resulting in increased first and sec- 
ond derivative output values. The system may be ar- 
ranged to enter the stabilising mode of operation when- 



ever the temperature controller is adjusted by more than 
a few degrees, for example more than six degrees Cel- 
sius. 

[0040] When the second temperature-responsive de- 

5 vice 26 measures the temperature of the cooking utensil 
10 through the cooking surface 4 at the predetermined 
time intervals or sampling periods, temperature values 
are entered into a stabilising buffer, where they are av- 
eraged. The average temperature in the stabilising buff- 

10 er is calculated and entered into a first derivative (D1) 
buffer. The average value of the first derivative (D1 ) buff- 
er is calculated and entered into a second derivative 
(D2) buffer. The buffers operate continually such that a 
first (D1) and second (D2) derivative value is outputted 

15 at each of the predetermined time intervals, suitably 
every 0.5 second. 

[0041] The stabilising buffer duration may be between 
5 and 50 seconds, a preferred duration being between 
5 and 20 seconds. 
20 [0042] Tests have shown that the stabilising time var- 
ies significantly according to the type and quantity of the 
material 12 being heated in the cooking utensil 10. For 
this reason a fixed time interval will not be appropriate 
for the range of materials and quantities envisaged. 
25 [0043] After the temperature monitored by the second 
temperature-responsive device 26 has been measured 
and entered into the stabilising buffer, where it is aver- 
aged, the first derivative value, dT/dt = K^(Trba - Tpbap) 
/tg, is calculated and entered into the first derivative roll- 
so ing buffer. (In the above equation, tg = sampling period, 
Trba = rolling buffer average temperature, T^bap = rolling 
buffer average temperature for the previous sampling 
period tg, and is a constant). The average value 6T^/ 
dt of the first derivative rolling buffer is calculated and 
35 output as the first derivative D1 . The second derivative 
value, d2T/dt2 = x (dT^^J6X - dT^bap/dt) /tg, is calcu- 
lated and placed in the second derivative rolling buffer. 
(Here, dTpbap/dt is the average of the first derivative roll- 
ing buffer for the previous sampling period tg and is 
40 a constant). The average value 6^T^^^J6i^ of the second 
derivative rolling buffer is calculated and output as the 
second derivative D2. When both the first and second 
derivative outputs are above their respective predeter- 
mined trip or threshold levels, power to the heater 6 is 
45 terminated and/or a warning signal means activated. 
[0044] In the stabilising mode of operation, the first 
and second derivative buffers are suitably arranged to 
be about 10 seconds long. This results in noisier (or 
more erratic) first and second derivative outputs. This 
50 prevents the system from stabilising too soon and sub- 
sequently de-energising the heater when there is in fact 
no boil-dry event. The noisy signal means that the sys- 
tem will not enter its running mode of operation until it 
is truly stable. Forexample, the first derivative D1 should 
55 be arranged to remain between minus 10 and plus 10 
for a period of not less than 20 seconds. 
[0045] In the running mode of operation, examples of 
conditions which may be arranged to be satisfied for a 
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boil-dry event to be detected and responded to are: 

1 . The temperature sensed by the first temperature- 
responsive device 24 is above 1 00 degrees Celsi- 
us; 

2. The temperature sensed by the second temper- 
ature-responsive device 26 is above 50 degrees 
Celsius; 

3. The first derivative D1 is between 1 and 50 and 
preferably between 2 and 10; 

4. The second derivative D2 is between 1 and 50 
and preferably between 1 and 10. 

[0046] The arrangement of the present invention op- 
erates well to rapidly detect boil-dry events for cooking 
utensils 10 containing a liquid, such as water, and also 
for cooking utensils containing water and materials, 
such as vegetables, which tend not to adhere to a base 
of the utensil. However, starchy food materials cooked 
in milk or water often start to adhere to the base of the 
cooking utensil while there is still a substantial volume 
of liquid remaining, which is unsatisfactory and required 
to be detected. A starchy film adhering to the base of 
the cooking utensil results in an increase in temperature 
which is detectable by the second temperature-respon- 
sive device 26. Although this temperature rise is very 
gradual, it is sufficient to produce peaks in the first and 
second derivatives D1 and D2, thereby enabling this 
condition to be detected before food is burned or the 
cooking utensil damaged. The arrangement works par- 
ticularly well when cooking rice in water. When detection 
and de-energising of the heater takes place a slight 
starchy film results on the base of the utensil, with the 
rice being cooked and moist but with no excess liquid in 
the utensil. The starchy film can be easily stirred into the 
rice without disadvantage. 

[0047] As referred to previously, a situation may arise 
in which during heating of a liquid, such as water, in the 
cooking utensil 10, the cooking utensil may be topped 
up with further cold liquid. This results in a temporary 
fall in temperature in the cooking utensil 10, followed by 
a rise in temperature as further heating takes place. The 
arrangement of the present invention is adapted to deal 
with such a situation, which could otherwise be inter- 
preted by the electronic circuitry as a boil-dry event. This 
is illustrated in Figure 4. The cooking utensil 10 in the 
arrangement of Figure 1 is provided with 500 ml of water 
and heated. The processing circuit 28, in association 
with the second temperature-responsive device 26, op- 
erates to monitor the temperature of the cooking utensil 
1 0, within the cooking zone 8, with time, as indicated by 
reference numeral 40. The first and second derivatives 
D1 and D2 are calculated, a plot of the first derivative 
D1 being indicated by reference numeral 42 and a plot 
of the second derivative D2 being indicated by reference 
numeral 44. The system operates in the stabilising 
mode until the first derivative D1 (reference numeral 42) 
is stable and remains so for the predetermined time pe- 



riod. The running mode of operation is then instigated, 
However, during the running mode of operation 250 ml 
of cold water are added to the cooking utensil 10. This 
action results in a fall in temperature, sensed by the sec- 
5 ond temperature temperature-responsive device 26 
(and shown on the curve 40 in Figure 4) followed by a 
rise in temperature as the water heats up again. The first 
and second derivatives D1 and D2 follow this fall and 
subsequent rise in temperature, as indicated by their 
10 plots (reference numerals 42 and 44 respectively) within 
the circled region 52 in Figure 4. The first and second 
derivatives assume decreasing (negative) values fol- 
lowed by increasing values, in this region 52. If the sys- 
tem were to continue in running mode, a false impres- 
ts sion would be given by the increasing values of the first 
and second derivatives that a boil-dry event was occur- 
ring in the cooking utensil 10. To avoid this, the system 
is adapted such that when the cold water is added and 
the temperature falls, then, if the first and second deriv- 
20 atives D1 and D2 assume negative values in excess of 
certain predetermined limit values, the system immedi- 
ately reverts to its stabilising mode of operation, until the 
first derivative D1 is again stable and remains so within 
its predetermined threshold limit values. A suitable neg- 
25 ative limit value for both the first and second derivatives 
may, for example, be about -2. The running mode is then 
re-entered, leading to satisfactory detection of a boil-dry 
event in the cooking utensil 10 (point 46 in Figure 4) and 
correct de-energising of the heater 6. 
30 [0048] A modification to the arrangement of Figures 
1 and 2 is illustrated in Figure 5. Here, the cooking uten- 
sil 1 0, containing 500 ml of water, is heated at a set-point 
temperature of 700 degrees Celsius for 6 minutes. It is 
then switched down to a set-point temperature of 400 
35 degrees Celsius for 3 minutes and then switched up to 
a set-point temperature of 600 degrees Celsius for 3 
minutes. It is then switched down to a set-point temper- 
ature of 500 degrees for 5 minutes and finally switched 
up again to 700 degrees Celsius until boil-dry occurs. 
40 [0049] As in Figure 2, the controlled excursions of the 
set-point temperature with time are indicated by refer- 
ence numeral 38. The temperature of the cooking uten- 
sil 10, as monitored with time by the second tempera- 
ture-responsive device 26, is indicated by reference nu- 
45 nneral 40. The plot of the first derivative D1 is indicated 
by reference numeral 42 and the plot of the second de- 
rivative D2 is indicated by reference numeral 44, A boil- 
dry event occurs at point 46 and tripping or de-energis- 
ing of the heater 6 occurs about 20 seconds later at point 
50 48. It is seen that for each different set-point tempera- 
ture stage the arrangement operates in its stabilising 
mode until the first derivative D1 (reference numeral 42) 
is stable and remains so, within its predetermined limits, 
for the predetermined time. The boil-dry event is detect- 
55 ed in the final running mode of operation when the val- 
ues of the first and second derivatives D1 and D2 ex- 
ceed predetermined threshold levels. 
[0050] Figure 6 illustrates a further modification to the 
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arrangement of Figures 1 and 2. Here, the cooking uten- 
sil 1 0 containing 750 granns of potatoes in 45 to 55 grann 
pieces, 250 ml of water and one teaspoonful of salt, is 
heated at a set-point temperature of 700 degrees Cel- 
sius until boil-dry occurs. As in Figure 2, the plot of the 
set-point temperature with time is indicated by reference 
numeral 38. The temperature of the cooking utensil 1 0, 
as monitored with time by the second temperature-re- 
sponsive device 26, is indicated by reference numeral 
40. The plot of the first derivative D1 is indicated by ref- 
erence numeral 42 and the plot of the second derivative 
D2 is indicated by reference numeral 44. A boil-dry 
event occurs at point 46 and tripping or de-energising 
of the heater 6 occurs about 37 seconds later at point 
48. Once again, the arrangement operates in its stabil- 
ising mode until the first derivative D1 (reference numer- 
al 42) is stable and remains so, within its predetermined 
limits, for the predetermined time. The boil-dry event is 
detected in the subsequent running mode of operation 
when the values of the first and second derivatives D1 
and D2 exceed predetermined threshold levels. 



Claims 

1. Apparatus for detecting an abnormal rise in temper- 
ature associated with a combination of a cooking 
utensil (10) and a cooking surface (4) overlying an 
electric heater (6), the apparatus comprising: a first 
temperature-responsive device (24) adapted to 
monitor temperature of the cooking surface; a sec- 
ond temperature-responsive device (26) adapted to 
monitor temperature of the cooking utensil and to 
provide an electrical output as a function of temper- 
ature of the cooking utensil; and means (28) for cal- 
culating first and second derivatives (D1, D2) with 
time of the temperature sensed by the second tem- 
perature-responsive device over an operating tem- 
perature range of the heater characterised in that 
means (28) is provided to determine stabilisation of 
the first derivative (D1) within stabilising threshold 
limit values; and means (28) is provided to thereaf- 
ter compare the first and second derivatives (D1 , 
D2) with first and second predetermined threshold 
values and to detect an abnormal rise in tempera- 
ture when the first and second predetermined 
threshold values are exceeded. 

2. Apparatus as claimed in claim 1 , characterised in 
that the first temperature- responsive device (24) is 
adapted to provide an output as a function of the 
temperature of the cooking surface (4), the first tem- 
perature-responsive device being optionally electri- 
cally connected to means (28) for monitoring tem- 
perature of the cooking surface sensed thereby with 
time. 

3. Apparatus as claimed in claim 1 or 2, characterised 



in that the means (28) to determine stabilisation of 
the first derivative (D1) within the stabilising thresh- 
old limit values comprises a stabilising mode of op- 
eration of the heater (6), which is effected until the 

5 first derivative is stable within the stabilising thresh- 

old limit values for a predetermined period of time, 
for example about 20 seconds, and during which 
the first and second predetermined threshold val- 
ues are arranged to be inoperative, whereby spuri- 

10 ous detection of an abnormal rise in temperature is 
avoided, the stabilising mode of operation being fol- 
lowed by a running mode of operation during which 
the first and second predetermined threshold val- 
ues are operative. 

15 

4. Apparatus as claimed in claim 3, characterised in 
that the running mode of operation progresses if 
power to the heater (6) remains substantially con- 
stant and/or if a set-point temperature of the cook- 

20 ing surface (4), determined by a control means (28) 
for the heater co-operating with the first tempera- 
ture-responsive device (24), remains constant with- 
in predetermined limits and/or if the temperature 
sensed by the second temperature- responsive de- 

25 vice (26) does not decrease by more than a prede- 
termined amount as specified by negative threshold 
limit values for the first and second derivatives (D1 , 
D2), otherwise the stabilising mode of operation is 
re-selected. 

30 

5. Apparatus as claimed in any preceding claim, char- 
acterised in that the first temperature-responsive 
device (24) is arranged to operate to cause de-en- 
ergising of the at least one heating element (6) 

35 when it senses a predetermined maximum permit- 
ted temperature of the cooking surface (4). 

6. Apparatus as claimed in any preceding claim, char- 
acterised in that the second temperature-respon- 

40 sive device (26) is arranged to operate to cause de- 
energising of the heater (6) when it senses a pre- 
determined maximum pennitted temperature of the 
cooking utensil (10). 

45 7. Apparatus as claimed in any preceding claim, char- 
acterised in that: the second temperature- respon- 
sive device (26) monitors the temperature of the 
cooking utensil (1 0) at predetermined time intervals 
and temperature values are entered into a stabilis- 

50 ing buffer, where they are averaged; the average 
temperature in the stabilising buffer is calculated 
and entered into a first derivative buffer; the aver- 
age value of the first derivative buffer is calculated 
and entered into a second derivative buffer and the 

55 buffers operate continually such that a first and sec- 
ond derivative value (D1 , D2) is outputted at each 
of the predetermined time intervals. 
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8. Apparatus as claimed in claim 7, characterised in 
that the predetermined time intervals are between 
0.1 and 4 seconds, preferably between 0.3 and 1 
second, and most preferably about 0.5 second. 

9. Apparatus as claimed in any preceding claim, char- 
acterised in that the first and/or second tempera- 
ture-responsive device(s) (24, 26) is or are of elec- 
trical resistance temperature detector form, such as 
of platinum resistance temperature detector fomri. 

10. Apparatus as claimed in any preceding claim, char- 
acterised in that the second temperature-respon- 
sive device (26) is arranged in contact with or adja- 
cent to the underside of the cooking surface (4). 

1 1 . Apparatus as claimed in any preceding claim, char- 
acterised in that microprocessor-based process- 
ing, calculating and control circuitry (28), operating 
with appropriate software algorithms, is provided for 
operation in association with the first and second 
temperature-responsive devices (24, 26), the elec- 
tric heater (6) and a power supply (36). 

12. Apparatus as claimed in any preceding claim, char- 
acterised in thatthe cooking surface (4) comprises 

glass-ceramic material. 

13. Apparatus as claimed in any preceding claim, char- 
acterised in that the abnormal rise in temperature 

associated with the combination of the cooking 
utensil (10) and the cooking surface (4) overlying 
the heater (6) results from a boil-dry event in the 
cooking utensil or an event in which a food product 
adheres to a base of the cooking utensil. 

14. Apparatus as claimed in any preceding claim, char- 
acterised in that the electric heater (6) incorpo- 
rates at least one electric heating element selected 
from a radiant electrical resistance heating element 
and an electrical induction heating element. 

15. A method of detecting an abnormal rise in temper- 
ature associated with a combination of a cooking 
utensil (10) and a cooking surface (4) overlying an 
electric heater (6), comprising the steps of: monitor- 
ing, with a first temperature- responsive device (24), 
temperature of the cooking surface; monitoring, 
with a second temperature-responsive device (26), 
temperature of the cooking utensil and providing an 
electrical signal as a function of temperature of the 
cooking utensil; and calculating first and second de- 
rivatives (D1, D2) with time of the temperature 
sensed by the second temperature-responsive de- 
vice over an operating temperature range of the 
heater characterised by the further steps of deter- 
mining stabilisation of the first derivative (D1) within 
stabilising limit threshold values; and thereafter 



comparing the first and second derivatives (D1 , D2) 
with first and second predetermined threshold val- 
ues to detect an abnormal rise in temperature when 
the first and second threshold values are exceeded. 

5 

16. A method as claimed in claim 15, characterised in 
that the first temperature-responsive device (24) is 
adapted to provide an output as a function of the 
temperature ofthe cooking surface (4), thefirsttem- 
10 perature-responsive device optionally being electri- 
cally connected to means (28) for monitoring tem- 
perature of the cooking surface sensed thereby with 
time. 

15 17. A method as claimed in claim 15 or 1 6, character- 
ised in that the step of determining stabilisation of 
the first derivative (D1) within the stabilising thresh- 
old limit values comprises establishing a stabilising 
mode of operation of the heater (6), which is effect- 
20 ed until the first derivative is stable within the stabil- 
ising threshold limit values for a predetemnined pe- 
riod oftime, for example about 20 seconds, and dur- 
ing which the first and second predetermined 
threshold values are arranged to be inoperative, 
25 whereby spurious detection of an abnormal rise in 
temperature is avoided, the stabilising mode of op- 
eration being followed by a running mode of oper- 
ation during which the first and second predeter- 
mined threshold values are operative. 

30 

18. A method as claimed in claim 1 7, characterised in 
that the running mode of operation progresses if 
power to the heater (6) remains substantially con- 
stant and/or if a set-point temperature of the cook- 

35 ing surface (4) is constantwithin predetermined lim- 
its and/or if the temperature sensed by the second 
temperature-responsive device (26) does not de- 
crease by more than a predetermined amount as 
specified by negative threshold limit values for the 
40 first and second derivatives (D1 , D2), otherwise the 
stabilising mode of operation is re-selected. 

19. A method as claimed in any of claims 15 to 18, char- 
acterised in that the first temperature-responsive 

45 device (24) is arranged to operate to cause de-en- 
ergising of the at least one heating element (6) 
when it senses a predetermined maximum permit- 
ted temperature ofthe cooking surface (4). 

50 20. A method as claimed in any of claims 15 to 19, char- 
acterised in that the second temperature-respon- 
sive device (26) is arranged to operate to cause de- 
energising of the heater (6) when it senses a pre- 
determined maximum permitted temperature ofthe 
55 cooking utensil (10). 

21 . A method as claimed in any of claims 1 5 to 20, char- 
acterised in that: monitoring of the temperature of 
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thecooking utensil (1 0) is effected at predetermined 
time intervals and temperature values are entered 
into a stabilising buffer, where they are averaged; 
the average temperature in the stabilising buffer is 
calculated and entered into a first derivative buffer; 5 
the average value of the first derivative buffer is cal- 
culated and entered into a second derivative buffer 
and the buffers operate continually such that a first 
and second derivative value (D1 , D2) is outputted 
at each of the predetermined time intervals. io 

22. A method as claimed in claim 21 , characterised in 

that the predetermined time intervals are between 
0.1 and 4 seconds, preferably between 0.3 and 1 
second, and most preferably about 0.5 second. is 

23. A method as claimed in any of claims 1 5 to 22, char- 
acterised in that the first and/or second tempera- 
ture-responsive device(s) (24, 26) is or are of elec- 
trical resistance temperature detector form, such as 20 
of platinum resistance temperature detector fomri. 

24. A method as claimed in any of claims 1 5 to 23, char- 
acterised in that the second temperature-respon- 
sive device (26) is arranged in contact with or adja- 25 
cent to the underside of the cooking surface (4). 

25. A method as claimed in any of claims 1 5 to 24, char- 
acterised in that microprocessor- based process- 
ing, calculating and control circuitry (28), operating 30 
with appropriate software algorithms, is provided for 
operation in association with the first and second 
temperature-responsive devices (24, 26), the elec- 
tric heater (6) and a power supply (36). 

35 

26. A method as claimed in any of claims 1 5 to 25, char- 
acterised in thatthe cooking surface (4) comprises 
glass-ceramic material. 

27. A method as claimed in any of claims 15 to 26, char- 40 
acterised in that the abnormal rise in temperature 
associated with the combination of the cooking 
utensil (10) and the cooking surface (4) overlying 

the heater (6) results from a boil-dry event in the 
cooking utensil or an event in which a food product ^5 
adheres to a base of the cooking utensil. 

28. A method as claimed in any of claims 1 5 to 27, char- 
acterised in that the electric heater (6) incorpo- 
rates at least one electric heating element selected so 
from a radiant electrical resistance heating element 
and an electrical induction heating element. 
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